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A 13-week oral repeated dose subchronic toxicity study

in F344 rats feeding mixed with haematococcus color

Atsushi Ono!, Kiyoshi Sekita, Minoru Saitoh, Takashi Umemura, Yukio Ogawa,
Tsuyosi Furuya, Toyozo Kaneko and Tohru Inoue

SUMMARY

A 13-week oral repeated dose toxicity study of haematococcus color, a food additive
mainly composed of astaxanthin, was conducted in male and female F344 rats. Rats
were randomly divided into 4 groups each consisting of 10 males and 10 females and
given CRF-1 powder diet containing 0%, 0.025%, 0.075%, and.0.25% haematococcus
color, corresponding to 0%, 0.5%, 1.5%, and 5% as the product. None of the animals
died during the administration period. There were no exposure-related changes in body
weight gain or food consumptions. Serum biological examinations showed dose-related
increase in cholesterol, but the differences were slight and not defined as an adverse
effect. No effects related to treatment were noted in hematological examinations and
organ weights, and no abnormalities that could be ascribed to exposure to
haematococcus color were observed in histopathological examinations. In conclusion,
ingestion of haematococcus color in the diet for 13 weeks does not cause any
toxicological changes in F344 rats.

Keywords : food additive, haematococcus color, astaxanthin, F344 rats, subchronic
toxicity study

INTRODUCTION

Recently, the demand for food additives derived from natural origin (natural
additives) has tended to increase due to the restrictions on use of synthetic additives or
to consumers’ intlination toward naturals. Although most of the natural additives or
their origins have been used as foods based on their long history, they have not been
examined their safety scientifically based on the animal studies.

In accordance with partial revisions of Food Sanitation Law and Nutrition
Improvement Law in 1995, a newly developed food additive, even a natural food
additive, should have an approval to include in Designated List for Food Additives.
However, the natural food additives conventionally used have been approved to
continue their using hereafter with listing in Name List for Existing Food Additives
but without obligation to conduct their toxicity studies 1.

Haematococcus color mainly composed of astaxanthin is an orange ~ red color and has
been utilized for a coloring agent mainly in fish or meat-paste products or in oil and fat
products. Astaxanthin is a major component of red colors found in marine foods such as
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sea breams, shrimps and crabs etc. and has keenly been expected its utility as a
natural food color due to its excellency in color tone and in stability against heating.
Furthermore, astaxanthin, a family substance of f -carotene, has recently been
reported possessing excellent potencies such as radical oxygen quenching action 2.3.4) |
immunoactivating action 58 and inhibiting action against cancers 7.8 and come again
into the limelight on its use not only for a food color additive but also for its unique
function. In the past, astaxanthin was extracted from Crustacea such as krill and
American crawfishes etc. However, such astaxanthin has not been put into practical
use because of various problems in its quality such as poor homogeneity in color tone
and offensive smell specialized in its raw material or of economical problems. On the
other hand, Haematococcus pluvialis, a kind of micro-algae conventionally well known
which produces high levels of astaxanthin, has recently been put into practical
utilization as a food additive color of astaxanthin extracts obtained by the modified
methods of cultivation and extraction 9. At the moment, the above mentioned
micro-alga is scarcely used for a food additive in our country, but in near future,
increase of its use as a natural color possessing excellent properties such as color tone
and functionality will be much expected.

For haematococcus color, neither report nor information concerning toxicity study or
its toxicity has been issued until today. Furthermore, its raw material has not also been
supplied as a food. In this regard, it may be necessary to examine its toxicity as soon as
possible. At this time, we performed a 13-week subchronic toxicity study of
Haematococcus pluvialis color in rats, and will report it as follows:

MATERIALS AND TEST METHOD
1. Test substance and administration method

Test substance, haematococcus color used was supplied by Yaegaki Fermentation Co.
(Himejiy. Haematococcus pluvialis color is obtained from Haematococcus C.A.
AGARCH in such manner : After drying whole algae of AGARCH, grind and extract
it with ethanol hydrate, acetone, hexane or two of them or more solvents and
vaporize away such solvents and obtain haematococcus color extract which appears a
dark brown paste-like liquid with special offensive smell. Haematococcus color is
almost insoluble in water, but soluble in ether, acetone, chloroform and benzene and
has no hygroscopicity. Further, it is easily discolored by irradiation with U-V and
visible rays although excellent in heat resistance. Haematococcus color product is
composed of soybean oil diluted to 5% of the color. In this study, pure raw substance
of Haematococcus pluvialis color (100%) was used in order to avoid effects of the
substrate, soybean oil. The test substance was administered by feeding with mixed
powder diet (as a Test diet), because purpose of its use is as a food additive.
Preparation of Test diets: Dissolve haematococcus color into proper amount of
acetone and add them into the basic feed. After removal of acetone by putting them
in a draft for one night, mix them with the basic feed to make respective Test diet.
Test diets were prepared once per 2 weeks and stored in the feed storage room at 4°C
under light-resistant condition.

2. Dose establishment
In this study, doses were established based on the standard volume as a final product



In order to examine the effect of the color as a food additive product, i.e.: the highest
dose was set at the dose equivalent to 5% as a product (0.25% of haematococcus colory,
because the highest dose of food additives in animal study with mixed feeding is
recommended as 5% 10. Prior to conduct this study, a two-week preliminary study was
performed with the highest dose of 0.25% haematococcus color in order to assess
stability of the color in Test diet and check if the test animals may avoid to take Test
diet. Further, a control group with acetone in the same amount in the basic feed was
prepared because Test diet is composed of haematococcus color mixed with the basic
feed using acetone. In consequence, no differences were observed in any group in body
weight gain or feed consumption compared to the control group. Accordingly, in this
main study, the doses of haematococcus color were set into four groups as follows:
0.25% as the highest dose (group H, 5% haematococcus color producty, 0.075% as the
middle dose (group M, 1.5% product), 0.025% as the low dose (group L, 0.5% product,
and the control (group Cy. Although the color in Test diets was discolored easily by
irradiation (especially with UV-rays), it was stable stored in the dark place under the
condition either at room temperature or in a refrigerator. Therefore, Test diets were
kept in feeders with a cover during study.

3. Animals and breeding conditions
5-Week aged male and female F344 rats (SPF) were supplied from Japan Charles

River (Kanagawa) and tame-bred for 1 week, breeding with the basic feed (Oriental
Yeast Co., CRF-1 powder feed). Then, the rats were randomly divided into 4 groups
with each male or female rats (10 rats per group) and used for the study. Each 5 male
or female rats were housed respectively into transparent plastic cages (width: 26 cm,
length: 42 cm, height: 17 cmy which were floored with soft chips (supplied by Sankyo
Lab. Service Co. (Tokyo) and these chips were renewed twice a week. The tap water
was freely taken during the test period. The test was performed in the breeding room
under the conditions such as room temperature: 24+1°C, R.H: 55+5%, frequency of
ventilation: 18 times/hour (all fresh ain), lighting and darkening cycle: each 12 hours.

4. Examinations and methods

Each 3 groups of male and female rats set for the test groups were received freely the
powder diet mixed with respectively prescribed dose of haematococcus color for 13
weeks using powdery feeder of suspending type. Another each one group of male and
female rats was fed freely with the basic diet without haematococcus color in the same
manner. General signs and incidence of death of the rats were observed every day
through the test period and body weight and food consumption were measured every
one week. After completion of 13-week feeding, all rats were fasted for one night. Then,
the blood was sampled from orbital veins under ether anesthesia and the following
tests were canducted by autapsy after bloodletting.

On the sampled blood, erythrocyte count (RBC), hemoglobin (Hby), hematocrit (Hr,
mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), platelet count (Pt), and leukocyte
count (WBC) were measured using Sysmex M2000 ( Toa Medical Electronics, Hyogoy in
the diluted blood. The WBC typing test was performed using Microx HEG-120A (Omlon,
Tokyoy on the blood smear preparation stained by Wright reagent. The serum sample



obtained by centrifugation was used for measurement of such values as total protein
(TP, Bullet methody, albumin (Alb, BCG methody, A/G ratio (calculated from the values
of TP and Alb), urea N (BUN, UV method), creatinine (CRN, Enzyme-methody, blood
sugar (Glc, Enzyme-method), triglyceride (TG, Enzyme-methody, total bilirubin (Tbil,
Azobilirubin-method), alkaline phosphatase (ALP, Rate-methody, transaminase (AT,
AsT, Rate-methody, calcium (Ca, OCPC-methody, inorganic phosphorus (P, molybdic
acid direct-methody, sodium, potassium, chlorine (Na, K, Cl, ionic electrolyte-method,
using Hitachi Model 7150 autoanalyzer.

The organs were ectomized after macroscopic observation. At first, brain, thymus,
lungs, heart, spleen, liver, adrenal, kidney and testis (ovariesy were weighed. Then,
promptly after the ectomy, skull including nasal cavity, pituitary gland, salivary gland,
tongue, trachea, thyroid gland, esophagus, stomach, small intestine, large intestine,
pancreas, bladder, prostate, seminal vesicular gland, epididymis, uterus, vagina,
mammary gland, lymph node, sternum, femur, skeletal muscle, spinal cord, sciatic
nerve, eye ball, skin and muscle were fixed with 10% neutrally buffered formaldehyde
solution and after blocking them into paraffin, their micro-slices were prepared and
stained using hematoxylin-eosindH.E.} stain method. Then, histopathological
examinations were performed on the control group and the highest dose group.

5. Statistical analysis
For body weights, results of hematological and sero-biochemical examinations and

absolute and relative weights of organs, F-ratio of each group was analyzed using
Bartlett method. One-way layout analysis of variance in homoscedastic case or
Kruskal-Wallis test in heteroscedastic case, was performed. When the significant
difference was observed between the groups, tests of significance were performed using
Dunett method between each group and the control group since they included the same
number of animals.

RESULTS
1.General signs
Neither abnormal appearances (skin, body hair) nor effects on general signs were
observed in any group through the whole period of test. Furthermore, all tested rats
survived up to completion of the study.

2.Body weight and food consumption
Fig.1 and 2 show changes of body weight and food consumption of male and female

rats during the test period. Further, Table 1 shows mean values of food consumption
and intake of test substance. Significant differences between the test groups and the
control group of each male and female rats were not observed in body weight and food
consumption through the test period. The mean values of food consumption did not
differ significantly between the test groups and the control group of each male and
female rats during the test period and intake levels of haematococcus color in the test
groups correlated approximately dependent to the dose levels.




Fig.1 Fig.2

Table 1

3.Hematological examinations
Tables 2, 3 show the results of hematological examinations. In male rats, no
significant differences among parameters were observed and any changes affected by
dosing of the test substance were not observed in the test groups. The highest dose
group of female rats showed significant decrease of MCV and MCH compared to the
control group. However, any correlation to the respective dose level was not observed.

4.Sero-biochemical examinations
Tables 4, 5 show the results of sero-biochemical examinations. In the highest dose
group (group Hy of female rats, significant elevations of T-cho and F-cho levels were



observed. In particular, the elevation of T-cho level correlated significantly to the
dose levels of haematococcus color that was also observed in male rats with some
tendency but not significant. In male rats, furthermore, significant decreases of A/G
ratio, CRN and Na in group H, significant decrease of BUN in group M and
significant decrease of CRN and Na in group L were respectively observed but all of
them did not correlated to the dose levels significantly and their grade were also very

low.

Table 2

Table 3
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5.0rgan weight

Tables 6, 7 show the results of organ weights at autopsy. Although a significant
decrease of absolute weight of heart was observed only in group M of female rats, any
significant differences or changes correlated to the dose levels were not observed in
other test groups of male and female rats compared to the control group.

6.Histopathological examinations

Table 8 shows the results of histopathological examinations. No change related to
intake of haematococcus color was observed in both male and female rats. Furthermore,
it was considered that histopathological lesions found in these examinations seemed to
be spontaneously generated lesions which were not induced by dosing of the test
substance, taking such grade and incidence into consideration.

DISCUSSION

A 13-week subchronic toxicity study in F344 rats feeding with mixed test diet was
performed in order to assess safety of haematococcus color. A haematococcus color
product consists of 5% of Haematococcus pluvialis color solved into soybean oil. In this
study, however, pure raw substance of Haematococcus pluvialis color was used in order
to avoid the effect of soybean oil. Test diets were prepared with 5.0, 1.5 and 0.5%
preparations for dosing (0.25, 0.075 and 0.025 % of haematococcus color) based on the
results of the preliminary study. All male and female rats well grew up through the test
period and neither abnormal appearances in skin or body hair nor effects on general
signs associated with the test substance were observed. As no differences were
observed in body weight and food consumption between the test groups and control
group, it was suggested that adding of the color does not affect feeding behaviors or
nutritive conditions. In sero-biochemical examinations after completion of 13-week
administration, a significant elevation of T-cho was observed in group H of female rats
and a small tendency of correlation with dose levels was also observed and that was
also observed in male rats. These facts suggest that no toxicological significance existed
in this study because the grade of changes seemed small. The cholesterolemic effect of
astaxanthin, a main component of Haematococcus pluvialis, has been reported!?). On
the other hand, the content of astaxanthin | and its esters) in haematococcus color used
in this study shows low as 39% . Furthermore, in the 13-week subchronic toxicity study
13) with Phaffia color which contains higher level of astaxanthin than haematococcus
color, any change, the same as in our study, was not observed. Therefore, a mechanism
for elevating T-cho level in this study cannot be specified. Other changes in
hematological examinations or organ weights affected by dosing were not observed. On
the other hand, such abnormalities as myocarditis and renal electrolyte-deposition
observed in the histopathological examinations in male rats was also observed in the
control group that has been reported as spontaneous lesions occurred in F344 rats.
Consequently, it suggested that such lesions were not induced by dosing haematococcus
color. In the 13-week subchronic toxicity study feeding with Phaffia color mainly
consisting of astaxanthin, the same as the haematococcus color used in our study, the
highest, 5% dose group did not show any toxicity '3. Haematococcus color used in this
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study also did not show any effect on food consumption and body weight gain. Further.
any clear toxicological findings in hematological and sero-biochemical examinations as,
well as in organ weights and histophathological tests affected by dosing, were ,not
observed. Consequently, it was suggested that toxicity of haematococcus color onrats in

this feeding study was negligibly very low.

Table 6

Table 7
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A 13-week subchronic oral toxicity study of haematococcus color in F344 rats

Atsush: Ono”, Kiyoshi Sekita, Minoru Saitoh, Takashi Umemura, Yukio QOgawa,
Tsuyoshi Furuya, Toyozo Kaneko and Tohru Inoue

A 13-wecek oral repeated dose toxicity study of haematococcus color, a food additive mainly composed
of astaxanthin, was conducted in male and female F344 rats. Rats were randomly divided into 4 groups
cach consisting of 10 males and 10 females and given CRF-1 powder diet containing 0%, 0.025%,
0.075%, and 0.25% haematacoccus coler, correspond to 0%, 0.5%, 1.5%, and 5% as the product. None
of the animals died during the administration peried. There wers no exposure-related changes in body
weight gain or food consumptions. Serum biochemical examinations showed dose-related increase in
cholesterol, but the differences were slight and not defined as an adverse effect. No effects related to
treatment were noted in hematological examinations and organ weights, and nc abnormalities that could
be ascribed to exposure ta heamatococcus color were observed in histapathological examinations. In
conclusion, ingestion of haematococcus color in the diet for 13 weeks does not cause any toxicological

changes in F344 rats.

Keywords: food additive, hacmatococcus coler, astaxaathin, F344 rats, subchronic toxicity study
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Fig.1. Bady weight and food cansumption curves of male F344
rats fed diet containing haematecoccus color for 13
weeks; Dose levels of haematococcus color were. C: 0 %,
L: 0.025 %, M: 0.075 %, H: 0.25 %, respectively.
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F344 rats fed dict containing hacmatococcus color for 13
weeks; Dose levels of hacmatococcus color were C. 0 %,
L: 0.025 %, M: 0.075 %, H: 0.25 %, respectively.
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Table 1. Mean food consumption and haematococcus colar intake in F344 rats
Mean daily intakes of
Sex Geoup  No.gf rats Food Faod Haematococcus Total intakes of
examined consumption color haematococcus
girat/day g/kg/day mg/kg/day mg/kg/13 weeks
Male C 10 142 60.9 ) 0.0
L 1Q 13.9 60.0 150 1364.0
M 10 14.6 61.7 46.3 4208.9
H 10 14.4 61.3 15832 138411
Female C 10 9.4 685.1 g.¢ Ga.0
L 10 9.3 84.1 186.0 1457.5
M 10 s2 84.0 48.0 4367.3
H 10 9.5 68.1 1652 150341
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Table 2. Hematological data of F344 male rals fed diet containing haematococcus color for 13 weeks

Group C L M H
% of haematacoccus calor 0000 0.025 Q075 02580
Na. of animals 10 10 10 10
R8BC 10"3/1 9585 £ 0. 9.68 & 022 9.67 = 0.18 968 £ 020
Hb g/ d 16.1 & Q3 160 = 0.3 16 £ 02 161 & 03
Ht % 453 = 18 459 = 1 458 = 08 457 = 1.1
MCV fl 475 = 04 474 = 04 473 = 03 472 = 04
MCH og 168 = 06 166 = 0.1 166 = 0.3 166 £ 02
MCHC g/dl 355 % 1.4 351 = 03 35.1 = 04 382 & 04
Pit 10'2/1 054 *= 0.11 051 = 007 0.5 = 0.08 049 = 0.13
WBC 10%/1 651 = 1.11 6.78 = 0.89 661 = 1.1 716+ 1.3
Neut-8 % 00 %= 00 00 = 00 00 = 00 00+ Q0
Base % 0.0 * 00 00 = 00 00 £ 00 00 x 00
Eosino % 08 % 0.7 11+ 08 1+ 07 1% 05
Neut-S % 164 = 3. 164 = 5.6 17.5 = 4.1 194 = 61
Lympho b3 81 &= 4.1 803 * 8535 788 = 258 771 % 7
Mana % 19 + 1.4 22 + 09 27+ 13 _ 25+ 1.4

Values represent mean & SD..

Table 3. Hematological data of F344 female rats fed dict containing haematococcus calor for 13 weeks

Group c L M H
% of haematococcus color G.000 0.025 0.075 0250
No. of animais 10 10 10 10
RB.C 10'31 888 = 0.28 8.93 i' 028 895 = 8.7 883 = 0.18
Hb g/d 158 = 04 158 = 05 158 = 03 1857 % 0.3
Ht % 442 + 13 443 £ 13 444 + 038 “441 % 10
MCV fl 498 + 0.3 4396 = 02 496 = 03 493 £ 02 ==
MCH pg 178 %= 0.1 17.7 = 04 177 = 02 175 %= 01 ==
MCHC g/dl 387 % 03 356 = 03 356 £-03 356 £ Q2
Pt 10'%/1 0.48 &= 0.12 047 = 0.2 047 = 005 048 £ Q.09
WwBC 10°/1 549 * 0.72 462 = 0.68 535 = 1.01 S5.16 = 0.89
Neut-8 % 00 % 00 00 = 00 00 = 00 00+ 00
Base % 00 * 00 00 + 00 00 = Q0 00 * Q0
Eosino % 1.3 % 07 14 = 10 1.0+ 13 11+ 06
Neut-S % 19.0 & 37 180 = 40 163 &= 40 160 =+ 34
Lymphe % 774 *+ 3138 733 £ 42 80.7 = 4.0 812 £ 35
Maono % 23+ 13 13+ 0.3 20 =+ Q8 1.7+ 038

Values represent mean = SD..
*= show significant difference from the control groups at p<0.01.
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Table 4. Serum biochemical data of F344 male rats fed diet cantaining haematococzus color for 13 weeks

Group C L M H
% of haematococcus color 0.000 0.025 0.07s 0.250
No. of animals 10 10 10 10
TP g/d §.13 = 013 §.14 = 0.18§ 6.19 = 0.08 15 £+ 0.14
Alb g/dl 3.82 = 012 393 = 0.08 3382 = Q08 383 £ 0.07
A/G 1.77 = 0.09 1.78 = Q.06 1.73 % Q.08 168 = 0.06 =
BUN mg/ d! 214 = 186 208 = 048 198 £ 1.1 = 202+ 12
CRN mg/dl 0.37 = 0.03 0.35 = 0.04 0.35 = 0.01 033 = 0.01 *=*
Gic mg/dl 119 = 12 120 = 8 119 = 8 121 + 9
TG mg/dl 133 £ 37 142 = 38 128 = 37 139 = 24
TCha mg/dl g4 = § 64 £ § 65 = 6 68 = 3
FCha mg/dl 119 £ 13 119 % 17 115 £ 15 123 = 038
T8Il mg/dl 0.04 + 88 004 = 0.01 0.04 = 00! 005 = 0.02
AP miJ/mi 228 = 20 227 = 24 218 = 11 218 = 15
AT mU/ml 57 £ § 58 = 10 55 = 4 59 + 4
AsT mU/mi 88 = 18 84 = 15 84 + 12 90 = 13
r-GT mU/ml 0.22 = 029 . 017 = Q.3 0.12 = 0.15 0.18 = 0.17
Ca mg/ dl 103 £ 01 1053 = 0.2 104 = 01 104 = 0.1
=] mg/dl 58 = 04 5.6 = 05 57 = 04 55 %= 0.6
Na mEq/1 138 £ 2 138 = 1 139 = 1 138 = 1
K mEa/| 43 = 04 48 = 03 § %= 03 49 = 03
Cl mEg/| 101 = 4 102 = 1 101 = 2 101 = 2
Values represent mean % S.D.
* and ** show significant difference from the control groups at p<0.05 and p<0.01, respectively
Table 5. Serum biochemical data of F344 female rats fed diet containing haematococcus color for 13 weeks
Graup c L M H
% of haematocaccus coler 0.000 0.025 0.075 0250
No. of animals iQ 10 10 10
TP g/dl 5.04 = 0.13 §.96 = 0.15 6.05 = 0.14 5.93 £ 0.1
Alb g/dl 4.01 # 0.1 3.86 = 0.1 405 % 0.11 401 £ 0.08
A/G 1.99 = 0.12 198 = 0.1 203 = 0.09 209 = 0.07
BUN mg/dl 181 %= 1.5 191 = 12 19 % 1.5 177 = 1.4
CRN mg/dl 0.35 = 0.02 .36 = 0.02 0.36 &= 0.02 0.34 = 0.02
Gle mg/dl 110 = 7 113 = 7 112 £ 7 109 = 1Q
TG mg/dl 83 = 20 80 = 1§ 76 = 18 82 = 24
TCho mg/ dl 91 *= 6 92 = 10 98 = 8 107 = 6 %
FCha mg/dl 202 = 13 197 £ 2.8 215 = 24 228 % 16 =
TBil mg/ d} 0.06 = 0.01 0.06 = 0.01 0.0 = 0.01 007 = 0.02
AlP mU/ml 138 = 11 183 £ (1 143 = 18 147 &= 14
AT mU/mi 40 = 3 39 &= 2 40 = 3 40 = 4
AsT mU/mi 83 = 10 81 = 11 85 = 10 78 * 6
r-GT mU/mi 0.32 = 032 Q.13 £ Q.16 0.10 = 0.4 0.37 &= 0.40
Ca mg/dl 10.1 = 01 102 = 02 103 = 0.2 103 % 0.2
P mg/dl 40 = 056 46 = Q6 45 = 03 45 = 07
Na mEq/! 138 = 1 137 = 1 137 £ 1 138 %= 1
K mEa/! 46 = 03 45 = 02 47 = 03 48 == 0.2
Cl mEq/| 102 = 1 101 = 1 102 = 1 102 = 1

Values repgresent mean = S.D.
* and ** shaw significant difference from the control groups at p<0.05 and p<0.01, respectively
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Tabie 6. Qrgan weights of F344 male rats fed diet containing haematococcus color for 13 weeks

Group C L M H
% of haematococcus colar  0.000 0.025 0075 0.250
No. of animals 10 10 10 10
Absolute
Body Weights g 310.65 & 9.34 308.24 = 10.15 31589 = 10.8 31548 = 1112
8rain z 1.831 £ 0.0581 1.92 £ 0.062 13832 % 0.0588 1917 £ 0.048
Heart g 0.884 = 0.034 0.899 * 0.059 0894 % 0.057 0.909 = Q0054
lungs g 0.967 = 0.05§ 0.923 * 0.047 0.933 = 0.035 0.941 = 0029
Uver g 712 £ 0.4139 7.088 = 0288 7308 & 0.376 715 £ 0227
Kidney g 1732 % 0.064 1.725 = 0.08% 1.791 = 0.087 1.779 = 0.061
Splean g 0.571 = 0.028 0.573 = 0.021 0.569 + 0.029 0.559 = 0.021
Testes Z 31.003 = 0.073 2.945 + 0.119 2.343 = 0.081 2.943 £ 0.102
Adrenal mg 3241 % 349 3225 += 412 3421 % 322 3352 = 2.3
Thymus mg 204.51 = 34N 20208 = 4§27 18595 + 40.44 199.16 = 38.71
Relative .
Srain % 0.622 = 0.025 0.622 £ 0.023 0613 = 0.028 0.508 = 0.019
Heaart g% 0283 = 0.011 02% = 0018 0.284 £ 0.017 0.287 = 0.014
Lungs g% 0311 = 0.02 0239 = 0.014 0294 £ 0011 0293 = Q011
Uver % 2.29 = 0.087 2299 = 0.0862 2315 £ 0068 2267 %= 0.06
Kidney g% 0.558 = 0.016 0.558 £ Q.018 0.566 = 0.021 0.564" = 0.022
Spleen g% 0.182 = 0.0t 0.186 x= 0.007 0.179 %= 0.009 0.177 = Q.008
Testes % 0.967 & 0.038 0.954 = 0.039 0.933 + 0.046 0934 = 0.037
Acrenal mg* 10.45 £ 1.24 10.48 = 139 1084 £ 1.12 10.64 = 1.03
Thymus mg% 65.62 = 16.44 §5.26 &+ 1308 5902 + 1388 6§3.28 &= 1329
Values represent mean = SD. :
Table 7. Organ weights of F344 female rats fed diet containing hacmatococcus color for 13 weeks
Groug C L M H
% of haematococcus color 0.000 0.025 a.07s 0250
No. of animals 1a 10 10 10
Absoluts
Body Waights g 17219 = 546 17053 = 7.06 165.33 £ 3.01 166.86 = 4.06
Brain 4 1.78 = 0.02 1.787 = 0.037 1.763 = 0.023 _1.782 = 0.038
Heart g 0.867 = 0.029 0.548 = 0018 0532 £ 0.024 =*= 0.555 = 0.028
Lungs g k 0.71 = 0.044 0.7 = 0.042 0.676 = 0.034 0.875 = 0.046
Liver g 3.658 = 0.205 3.735 = 0.229% 3612 = 0.178 3.708 = 0.t84
Kidnay g 1043 = 0062 1063 = 0.069 1032 = 0.055 1054 = 0.044
Splasn g 0.370 = 0.02 0.367 = 0.026 0.355 + 0.021 0.347 = 0.018
Qvaries g 48.72 £ 11.41 48.31 = 8.44 49.19 = 7.78 4972 = 5.24
Adrsnal mg 38.32 & 4.687 3944 = 4.83 3550 £ 4 41 37.64 & 451
Thymus mg 167.11 = 2453 168.28 = 25.31 16476 = 16.85 152.67 = 23.88
Relative
Brain Fe 1.035 £ 0.04 1.047 x= 0.034 1072 = 0052 1.069 £ 0.039
Heart g% 0.329 *x 0.014 0.322 % Q.014 0.323 = 0.013 03331 % 0.018
Lungs % 0.412 %= 0.026 0411 = 0.03 0.409 = 0.023 0.406 = 0.034
Liver 25 2.128 = 0.119 2.192 = 0.121 2.187 £ 0.10 2223 + 0.12
Kidney g8 0.609 = 0.0386 0624 = 0037 0624 = 0.027 0.633 £ 0.03t
Spleen [ 0214 £ 001 0.215 = Q.0 0215 = 0018 0.206 * 0.012
Ovaries g% 2834 * 5.68 28.22 = 4.18 29.83 = 5.00 2981 % 3.25
Adrenal mg% 2224 = 247 23.18 = 3.14 2149 £ 2862 22.54 #* 2.33
Thymus met 9702 + 13.75 98.57 = 1337 9969 = 930S 3171 X 15.46

Values regresent mean &= SD.

*x shaw significant diffarence from the cantral groups at p<0.01.
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Table 8. Histological findings 1n male and femnale rats fed diet containing haematococcus color for 13 weeks
Sex Male Female
Group c H ¢ H
No. of animals examined 10 10 19 10
Heart .
Wyocardial degeneration 1 9 0 9
Intramyocardial cell infiltration i 0 0 9
Lung
Microgranuloma 1 0 9 1
Liver
Exratmedul lary hematopoiesis ] 0 0 0
Hicrogranuloma 1 4 3 ]
Vacuolation of hepatocyte 0 1 0 9
Kidney
Tubular regeneration 2 2 9 0
Hyalin droplet 10 10 g a
Calcification of collecting tubule 1 0 0 0
Calcification
at cortico—medullary junction 0 Q 0 )
Hyalin cast 0 1 0 0
Pancreas
Vacuolation of acinar cell 1 0 0 1
Spleen
Microgranuloma 0 0 1 0
Adrenal gland
Accessory adrenal gland 1 1 0 .
Dilatation of sinusaid 0 ) 1 i
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